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BACKGROUND

Accurate neasurenent of air flowin heating, ventilating and air
condi tioning (HVAC) systens can be difficult if not inpossible in
certain situations. Sone of the challenges include space
l[imtations, too low an air velocity, non-uniformty of the
velocity profile, and sensor cost.

| ndustry standards suggest the need to traverse or neasure air
flow at nultiple points across a duct cross-section to obtain an
accurate neasure of the average velocity. Traverses are usually
performed as part of air system balancing with an accuracy within
5-10% of the actual flow. In sone cases the accuracy may be worse
when the traverse is perfornmed in | ess than ideal conditions.

The traverse concept is also used by airflow sensor manufacturers
to measure average airflow in nonitoring or control applications.
These fl ow sensors consist of a nunber of single-point sensors
arranged in a traverse-like pattern or array. The singl e-point
measurenents are averaged together to yield an output signal
representative of the average duct flow

Interestingly, a survey of comercial air flow nmeasurenent device
vendors showed that they do not all adhere to the m ni mum poi nt
density requirenents recommended by the standards organi zations.
Thi s paper presents |aboratory test data in support of a |esser
poi nt density requirenment than that suggested by the standards

or gani zat i ons.

| NTRODUCTI ON

The U. S. Arny Construction Engi neering Research Laboratories
(USACERL) full-scale HVAC test facility was used to investigate
duct air flow neasurenent in a straight duct section at various
duct dianeters (distances) downstream of a 90° el bow and at
different airflow rates. The results were analyzed to



characterize the flow profiles and to conpare the traverse data
to a three-point air flow neasurenent. In addition, the potential
for using a single-point measurenent to obtain an accurate
measure of airflow was investigated.

A COVPARI SON OF TRAVERSE STANDARDS AND METHODS

Tables 1 and 2 conpare air flow traverse recomendati ons of
ASHRAE,, SMACNA, and AABC, st andards organi zations to each ot her
and to the sensor point density reconmmendations of airflow arrays
manuf act ured by several different vendors.

Tables 1 and 2 show the fl ow nmeasurenent point densities for

di fferent square duct areas and includes breakpoints where the
poi nt density changes. Although the standards organi zati ons base
t he nunber of traverse points on the side dinmensions of the duct,
Table 1 was fornul ated based on duct area to facilitate
conparison with the vendor supplied data in Table 2. The duct
area breakpoints in Tables 1 and 2 are based on information
supplied by vendor A because their point densities agreed nobst
closely with the standards organi zations. Tables 1 and 2 al so
show the point density for the specific duct (6.1 ft?) used to
take data for this study.

As shown in Table 1, each of the standards organi zati ons provide
gui dance based on either the Equal Area or Log- Tchebycheff
met hods.

The Equal Area nethod requires the duct to be segnented into
equal sized areas, ordinarily with no nore than 6 i nches between
the center point of each area. A flow neasurenment is nmade at the
center point of each area afterwhich all the neasurenents are
averaged. This nmethod would work very well for a flat velocity
profile.

The Log- Tchebycheff nethod takes into account the rounded
(bullet) shape of the velocity profile as the velocity falls off
toward the edges of the duct. Spacing of the traverse points is
desi gned to neasure areas of equal volune flow therefore the

di stance fromone traverse point to the next is not constant.

ASHRAE recommends the Log- Tchebycheff nethod, AABC recommends the
Equal Area nethod, while SMACNA supports either but appears to

i ndi cate no preference. Al though ASHRAE recomrends the Log-
Tchebycheff method, for small ducts with sides |l ess than 18
inches, it suggests using the Equal Area nethod.



ASHRAE and AABC are fairly consistent with each other in their
recommendation that flow neasurenents be made 7% duct dianeters
downstream of any flow di sturbance. They vary slightly in that
they recomend 3 and 2% duct dianeters, respectively, upstream
from any di sturbance. SMACNA recomends fl ow nmeasurenent 6 to 10
strai ght duct dianeters downstream of flow di sturbances, but
provi des no gui dance on upstream di st ance.



TABLE 1.

(A Conparison of Different

Al R FLOW TRAVERSE PO NT DENSI TY RECOMVENDATI ONS.

| ndustry Standards.)

Duct Area

ASHRAE,

SMACNA,

-]

EQUAL AREA | LOG TCHEBYCHEFF EQUAL AREA LOG TCHEBYCHEFF EQUAL AREA LOG TCHEBYCHEFF
4-9 Points 15 Points 25-47 Points 16 Points
< 2.25 ft? Use Equal Area 25 Points
Not nore than 6" met hod Not nore than 6" No specific Not nore than 6"
apart apart gui dance for apart
different size
ducts
< 4 ft?2 Use Log- 25-49 Points 15-16 Points 16 Points 25 Points
Tchebychef f
met hod No specific Not nore than 6" Not nore than 6"
gui dance for apart S apart
different size A
duct s M
except as noted E
bel ow
A
S
S
A SAME 15-64 Points A 16- 64 Points 25-49 Points
4-16 ft? M AS B
E ABOVE Not nmore than 6" o Not nmore than 6"
apart Vv apart
A E
S
SAVE
6.1 ft2 ** A AS 25 Points 28 Points 35 Points
B ABOVE
O
\%
E For area > 21.8 64 Points 64 Points
16-32 ft? ft2 25-49 Points
Use points not Not more than 64 Not more than 64
nmore than 8" poi nts necessary poi nts necessary
apart
(Equal area?)
Use points not 64 Points 64 Points
>32 ft?2 nore than 8" 24-49 Points
apart Not more than 64 Not more than 64
(Equal area?) poi nts necessary poi nts necessary




**  Exanpl e application for which test data was taken.



TABLE 2.

(A Conparison of Different Vendors).

Al R FLOW SENSOR PO NT DENSI TY RECOMVENDATI ONS.

VENDOR A

Duct Area VENDOR B VENDOR C VENDOR D
(PI TOT) ( THERMAL) ( THERMAL) ( THERMAL)
< 2.25 ft? 1-9 Points 1-9 Points 1 or 2 Points
1 point for every 16 4 Points/ft?
in? of station area.
< 4 ft?2 1-16 Points 1-16 Points 1 or 2 Points
SAME AS ABOVE SAME AS ABOVE
4-16 ft? 16- 64 Points 16 Points 2-4 Points
1 point for every 36 16 Points per unit
in? of station area;
max of 120 pts
6 ft2z ** 25 Points 16 Points 2 Points 1 Poi nt
16-32 ft?2 64- 100 Points 16- 32 Points 4-8 Points
SAME AS ABOVE 1 Point/ft?2
>32 ft?2 100- 120 Points 8+ Points 8+ Points

SAME AS ABOVE

1 Point/4 ft?

* %

Exanpl e application for which test

data was taken.




In Table 2, Vendor A s recomended point densities are consistent
w th ASHRAE and SMACNA, but Vendors B, C and D vary significantly
from ASHRAE and SMACNA.

Vendors A and B provide point density guidelines in their product
l[iterature. Vendor C provided general guidelines over the phone.
Vendor D deals primarily in gas flow nmeasurenent and woul d only
provi de a recomrended point density for the test application used in
this study.

In each case the guidelines fromthe vendors include the requirenent
that the flow neasurenment be acconplished at |east 5 duct dianeters
downst ream of any obstruction. Vendor A literature al so provides

gui delines for flow nmeasurenent at 1 to 2 duct dianeters downstream
and/ or upstream of various obstructi ons when a honeyconb type airfl ow
straightener is used.

Vendor A is the only vendor surveyed who nanufacturers a pitot tube
type airflow neasurenent array. Vendor A manufactures an electronic
flow sensor, but it is only available in a single-point
configuration. Vendors B, C and D manufacture only electronic type
sensor arrays.

TEST APPARATUS AND APPROACH

Air flow traverses were perfornmed at four different locations in a

| ong straight section of ductwork in the USACERL HVAC test facility.
Only one location, 20 feet downstream of an el bow and 8 feet upstream
of a split, nmet ASHRAE, SMACNA, and AABC recommendati ons.

Each traverse consisted of 35 point nmeasurenents, as shown in Figure
2A, using the Log-Tchebycheff nethod consistent with or exceedi ng

i ndustry standards for the size of the duct (22" by 40"). Each
traverse was perfornmed twice at three different airflow rates.

A hot wire anenoneter, wth calibration traceable to N ST standards,
was used to nmeke the traverse flow neasurenents. For a single
measurenent, the voltage output fromthe anenoneter was fed into a
data acquisition unit that took 100 readi ngs over a ten second
interval then averaged these readings to yield the single point
measurenent. Vel ocity readi ngs were adjusted from standard
calibration conditions to actual test conditions based on baronetric
pressure and duct tenperature.

Measurenents were al so taken with a comrercial grade air flow probe.
The probe location is shown in Figure 1. The probe contained three
poi nt sensors that traversed the duct along its |argest axis (40"

wi dth) as shown in Figure 2B. The probes flow sensors are |ocated 7

i nches fromeach side of the duct (17.5% of the wdth) and one in the
m ddl e. The probe averaged the three velocity readings and provided a
si ngl e out put signal which was neasured using an industrial grade
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controller.
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Figure 1. Traverse and Airflow Probe Locations in HVAC Test
Facility Duct Section.
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To investigate the accuracy of a 3-point neasurenment, 3-point
traverses were performed using the hot wire anenoneter. The 3-point
traverse neasurenents were taken one foot upstreamand directly in
front of the sensors on the commercial 3-point flow probe.

The HVAC test facility contains no air flow strai ghtening devices
al t hough there is a cooling coil (not shown in Figure 1) |ocated
approximately 15 feet upstream and bel ow the el bow.

RESULTS

In summary, the flow data for the particular rectangul ar straight
duct section indicates that:

' There is little to no difference in accuracy between a 35-point
traverse perfornmed 2 duct dianmeters downstream and one perforned
7.5 duct dianeters downstream of the el bow

't The commercial grade 3-point averaging air flow probe provided
an accuracy conparable to a 35-point traverse neasurenment

' A single-point found to be representative of the average duct

flow, as identified via a full traverse, will remain
representative of the average flow across a wi de range of flow
rates,

v The flow profile, as viewed fromthe side of the duct tends to
mai ntain itself, across a wide range of flow rates, such that a
single point along the profile, representative of the average
duct flowrate is always at the sane vertical point in the duct.

Tabl e 4 shows the 35-point traverse data taken twice at three
different flow rates at each of the four l|ocations. The average fl ow
was nearly identical at each of the four traverse | ocations shown in
Figure 1. This was true at each of the three flowrates (low, nedium
and high).

Tabl e 4 conpares each traverse flowrate, as a percent difference, to
the reference flow at 7% duct dianeters (20 ft) downstream of the

el bow. The results suggest that accurate flow readings may be taken
as close as 2 duct dianmeters beyond the el bow (5 4" in this study).
This is in contrast to industry standards which suggest that flow
measur enents be nmade 7% duct di aneters downstream of any fl ow

di st ur bance.

The reference 35-point traverse (at 7% duct dianeters downstream of
the elbow) is estimated to have a root nean square (RVS) accuracy of
+ 3.7% The RMS takes into account: The 35-point traverse nethod
(3.09%, the certified anenoneter calibration accuracy (0.25%, the
anenoneter rated accuracy (2.20%, and the data acquisition unit
accuracy (0.02%.
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Tabl e 4. 35-Point traverse accuracy at different distances from

el bow.
Test FlI ow Loc Trav. Per cent
no._ Rat e (ft) (fpm D fference
1 Low 20 316 Ref erence fl ow
2 13 311 -1.6%
3 10 316 0. 0%
4 5 313 -0.9%
5 20 305 Ref erence fl ow
6 13 310 1.6%
7 10 312 2.3%
8 5 314 3. 0%
9 Hi gh 20 937 Ref erence fl ow
10 13 943 0.6%
11 10 951 1.5%
12 5 944 0. 7%
13 " 20 936 Ref erence fl ow
14 13 942 0.6%
15 10 947 1.2%
16 No dat a
17 Med 20 598 Ref erence fl ow
18 13 604 1. 0%
19 10 600 0. 3%
20 5 598 0. 0%
21 " 20 594 Ref erence fl ow
22 13 595 0.2%
23 10 602 1.3%
24 5 597 0. 5%

Table 5 shows the results of a 3-point traverse (taken 1 foot upstream
of the comrercial 3-point flow probe). The traverse was perforned tw ce
at the nmediumair flow rate and conpared to a 35-point traverse. In
both cases the 3-point traverse was wthin 1.0% of the 35-point
traverse. This suggests that, for the duct section studied, a 3-point
measur enment can provi de accuracy conparable to a 35-point neasurenent.

Tabl e 5. Conparison of a 3-point traverse to a 35-point traverse.

3- Pt 35- pt
Test Fl ow Loc Trav Trav Per cent
No. Cond. (ft) (fpm (fpm difference
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18 Med 13 598 604 1. 0%
22 Med 13 592 595 0. 5%

Table 6 conpares the 3-point probe to a 35-point traverse. The 3-
poi nt probe is not very accurate at low flow rate, but is quite
accurate at high flowrate. Since the device appears to be linear (as
indicated in Figure 3), the inaccuracy mght be attributed to
calibration error of the instrument (as opposed to neasurenent error
due to only three flow points being sensed). Wile this commerci al
grade probe denonstrated a degree of calibration inaccuracy, it and
the 3-point traverse data suggest that a 3-point neasurenent can
provi de good neasurenent of the duct average flow.

Tabl e 6. Conparison of the 3-point probe to a 35-Point traverse.

Duct 3- Pt 35- Pt

Loc. Pr obe Trav. Per cent
Fl ow Cond (ft) (fpm (fpm D fference
Aver age Low 13 267 311 -14. 1%
Aver age Med 13 565 599 -5.8%
Aver age Hi gh 13 944 943 0.2%
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0O 3-Bt Ar Flow Probe T Heal

Figure 3. Accuracy of a commercial 3-Point probe as conpared
to a full 35-point traverse of the rectangul ar 22"x40" duct.
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Table 7 shows a sinmul ated 3-point nmeasurenent. The sinulation
consists of a linear interpolation between adjacent points fromthe
35-point traverse data corresponding to the locations of the three
sensors on the 3-point probe. This approach was used to conpare a 3-
poi nt nmeasurenent to a 35-point neasurenent at all duct |ocations.
VWhile this sinulation approach cannot be considered definitive
because of the turbulent nature of the duct flow, it does provide a
basis for conparison

At all traverse locations the simulated 3-point neasurenment conpares
well with the 35-point traverse. The overall average error (for 23
tests) is 2.0%wth the 3-point sinulation resulting in a higher flow
than the 35-point traverse in all cases. The worst single-case error
is 4.0% The worst case average error is 2.7%at the 20 foot

| ocation. The average error at the 5 foot location is 2.5%

Tabl e 7. Conparison of the sinulated 3-point measurenent
to the 35-point traverse.

AT Duct 35- Pt 3-Pt
Test FlI ow Loc. Tr av. Si nmul . Per cent
No. Cond (ft) (fpm (fpm D fference

1 Low 20 316 326 3. 0%
2 Low 13 311 317 1.9%
3 Low 10 316 322 1.9%
4 Low 5 313 322 2. 8%
5 Low 20 305 316 3.4%
6 Low 13 310 316 1.8%
7 Low 10 312 318 1. 7%
8 Low 5 314 326 4. 0%
9 Hi gh 20 937 366 1.6%
10 Hi gh 13 943 963 2.1%
11 Hi gh 10 951 959 0. 8%
12 Hi gh 5 944 960 1. 7%
13 Hi gh 20 936 959 2.5%
14 Hi gh 13 942 948 0. 6%
15 Hi gh 10 947 949 0. 2%
16 No Dat a

17 Med 20 598 616 3. 0%
18 Med 13 604 608 0. 8%
19 Med 10 600 606 1.0%
20 Med 5 598 606 1.3%
21 Med 20 594 610 2. 7%
22 Med 13 595 607 2. 0%
23 Med 10 602 611 1.5%
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The feasibility of an accurate neasurenent using a three-point probe
may at least in part be attributed to the fact that at all flow rates
studied the airflow was turbul ent as indicated by the Reynol ds nunber
(Re):

Re (at 312 fpm = 83,000
Re (at 598 fpm = 159, 000
Re (at 942 fpm = 250, 000

Turbulent flowis generally present when the Reynol ds nunber is above
2300 al t hough the flow may remain | am nar (under ideal conditions) up
to a Reynol ds nunber of 40,000. Clearly the flows studied here are
turbulent. Unlike lamnar flow, turbulent flow does not develop a
wel | rounded "bullet" shape profile. As expected the observed
velocity profiles, while bullet shaped, were relatively flat.

Tabl e 8 provides sone insight into the relative flatness of the
velocity profiles by conparing the standard deviation of the 35
measurenents to the averaged duct flow The "Far Down Streant

| ocation is 7.5 duct dianeters beyond the 90° el bow and the "Close to
El bow' location is 2 duct dianmeters beyond the 90° el bow. As shown in
Table 8, at the "Far Down Stream’ |ocation the standard devi ation
ranges from about 6% to 8% of the average duct flow for the three
flowrates studied. This indicates a good probability of any

i ndi vi dual point nmeasurenment being within the average flow range. A

| arger standard deviation indicates a less flat profile.

Tabl e 8. Standard deviation of the 35 traverse points.

Avg. Far Down Stream Cl ose to El bow
Fl ow (20 foot |ocation) (5 foot |ocation)
(cfm Std.Dev. % of Avg. Std. Dev. % of Avg.
312 26 8. 3% 40 12. 8%
598 45 7.5% 76 12. 7%
942 56 5.9% 116 12. 3%

As the flow rate changes, the profile does not change appreci ably as
is illustrated in Figures 4 through 8. Table 8, though, indicates
that as the flowrate increases the profile flattens slightly, nore
so further down streamthan close to the elbow. This is evidenced by
the decrease in the percent change of the standard deviation with
respect to the average flow

The traverse data indicates, for the duct section studied, that a

single traverse point, selected as representative of the average
flow, remains representative at any air flow rate. Substantive data
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in support of this is not presented here as it was nore of a casual
observation resulting fromstudy of the 24 sets of traverse data.

This conclusion is supported though by Figures 5 through 9 which show
side and top view profiles at each flowrate for several of the
traverse locations. It is evident that the average flow | ocation
remai ns relatively constant regardless of the flow rate.

CONCLUSI ONS

The results and conclusions are based on a single, rectangul ar
shaped, straight duct section. The results may not be be
transferrable to other duct sections or configurations. Additional
sections would need to be studied to warrant changing U S. Arny Corps
of Engineers air flow nmeasurement criteria. For the rectangul ar

strai ght duct section studied, the flow data indicated that:

' An air flow straightener is not required to get an accurate air
fl ow measur enent

v Air flow instrunmentati on need not be |ocated nore than 2 duct
di anet ers downstream of an el bow that does not contain turning
vanes

' A 3-point averaging air flow neasurenent instrunment can provide
accuracy conparable to a 35-point traverse neasurenent and to a
measur enent based on ASHRAE or SMACNA gui del i nes.

' The flow profile, as viewed fromthe side of the duct tends to
mai ntain itself, across a wi de range of flows, such that a
single point along the profile, representative of the average
duct flowis always at the sanme vertical point in the duct

' Asingle-point found to be representative of the average fl ow,
as identified via a full traverse, wll remain representative of
the average flow across a wi de range of flows
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AVERAGE FLOW PROFILES

Top View at 20 foot location
626 —

0%

[J Low Flow
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(0] 10 20 30 40
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Figure 4. Average flow profile as viewed fromthe top of the
duct at the 20 foot location at 3 different air flow rates.

AVERAGE FLOW PROFILES
Side View at 20 foot 1ocation

0%

U Low Flow

+  Medinm Flow
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Figure 5. Average flow profile as viewed fromthe side of the
duct at the 20 foot location at 3 different flows (rotate
graph 90° counter-clockwi se to view exact orientation).
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AVERAGE FLOW PROFILES
Top View at 5 foot location
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Figure 6. Average flow profile as viewed fromthe top of the
duct at the 5 foot location at 3 different flow rates.

AVERAGE FLOW PROFILES
Side View at S foot location
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Figure 7. Average flow profile at the 5 foot |ocation at
three different flowrates, as viewed fromthe side of the
duct (rotate graph 90° counter-cl ockwi se to view exact
orientation).
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AVERAGE FLOW PROFILES
Top View at 10 foot location
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Figure 8. Average flow profile, as viewed fromthe top of the
duct at the 10 foot location at 3 different flow rates.
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30 Novenber 1997
Joe,

| know sonme of the figures are hard to read. Tinme permtting, | wll
try to make themclearer. If you think I MJST make them clearer, |et
me know and | will.

Al so, anything that is underlined should be in italics, but ny
printed wll not italicize. I wll fix this prior to publication.

Dave Schwenk
800- USA- CERL, ext. 7241



Figure 2. Duct height is 22" not 20" (ACAD file: Al R RPT2. DWG)
SMACNA and ASHRAE - standard, recommendation, or guideline?
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Get reference docunent info for SMACNA and ASHRAE
metric mft.

For each traverse, the average air flow was determned in addition to
the standard devi ati on, maxi mum and m nimum fl ows. For each traverse

point, its deviation fromthe average fl ow was determ ned and

tabul ated to characterize the nature of the flow through the duct as

it traveled the length of the duct section.

The data showed that the 35 point traverse neasurenent was accurate
at each | ocation tested.

Add percentages to table 3. 3-pt vs 35-pt traverse %
equi v di aneter of 22"x40" duct = 32.1"

O her observations:
Two, 5-10 year old instrunents no good
Repeatability of traverses -- how good?

Show i n draw ng:
di stance of each traverse (di nmensions)
duct di mensi ons
top and side views
| ocati on of probe
cross section of duct wth traverse points and di nensi ons
i ncl ude probe point |ocations in sanme drawing as "X s"
separate draw ng of probe with sensor pt dinensions
(to scale with duct cross section)

Synphony files: CD ANAL. \R1

Vendor A = Air nonitor
Vendor B = Ebtron
Vendor C = Kurz

Vendor D = Sierra

24



Table 3 summari zes the traverse |locations in terns of distance and
duct dianeter (at an equival ent duct dianeter of 32 inches, based on
the 22x40 inch duct). Table 3 shows simlar data for a commerci al
probe | ocated in the duct section and shows ASHRAE and SMACNA
recomended di stances for neasuring airflow.

Downst r eam Upst ream Di st ance
D stance from from Qostruction
Qobstruction
m(ft.) Duct
D am
Traverse Location 1 (4'9") 1.8 exceeds m n. exceeds
m n.
Traverse Location 2 (10" 4") 3.9 exceeds m n. exceeds
m n.
Traverse Location 3 (13'4") 5.0 exceeds m n. exceeds
m n.
Traverse Location 4 (20") 7.5 (8") 3
Commer ci al Probe (14'3") 5.3 exceeds m n. exceeds
m n.
ASHRAE m ni mum (20") 7.5 (8") 3
SMACNA mi ni num (20") 7.5 (6'8") 2.5

Tabl e 3. Di stances and equi val ent duct dianeters for airflow
nmeasur enent s.
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Re =VxXxL/ v

Air velocity, ft/sec
Equi val ent di aneter of rectangul ar duct = 2.675 ft
Ki nematic viscosity = 0.000168 ft? sec

Vv
L
v
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COLD DECK TRAVERSE DATA
(8 Aug 94)

Test Flow

no. Cond Loc Trav Probe P+/- 3Pt-Sim 3Pt-Act

(ft) (fpm) (fpm) (fpm) (fpm)  (fpm)
Low 20 316 267 20 326
Low 13 311 267 20 317
Low 10 316 267 20 322
Low 5 313 267 20 322
Low 20 322 267 20 316
Low 13 310 267 20 316
Low 10 312 267 20 318
Low 5 314 267 20 326
High 20 937 944 50 366
High 13 943 944 50 963
High 10 951 944 50 959
High 5 944 944 50 960
High 20 936 944 50 959
High 13 942 944 50 948
High 10 947 944 50 949
Med 20 598 565 50 616 611
Med 13 604 565 50 608 598
Med 10 600 565 50 606 596
Med 5 598 565 50 606 601
Med 20 594 565 50 610 599
Med 13 595 565 50 607 592
Med 10 602 565 50 611 600
Med 5 597 565 50 613 601

P OO~NOOUTD,WNE

NNNNNRPRRRERRRR
EWONPFPOOONUNMWNEREO

Test Flow

no. Cond Loc Trav Probe P+/- 3Pt-Sim 3Pt-Act

(ft) (fpm) (fpm) (fpm) (fpm)  (fpm)
2 Low 13 311 267 20
6 Low 13 310 267 20
18 Med 13 604 565 50 608 598
22 Med 13 595 565 50 607 592
10 High 13 943 944 50
14 High 13 942 944 50

Avg Low 13 311 267 20 -141%
Avg Med 13 599 565 20 -5.8%
Avg high 13 943 944 20 0.2%

4 Low 5 313 267 20 322
8 Low 5 314 267 20 326
20 Med 5 598 565 50 606 601
24 Med 5 597 565 50 613 601
12 High 5 944 944 50 960

2.9%
3.8%
1.3%
2.7%
1.7%
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